We sought to assess mental health at the time of antiretroviral therapy (ART) initiation and subsequent retention in care over a six-month follow-up period. A total of 136 people living with HIV in South Africa were administered surveys measuring demographic information and mental health indicators at the time of ART initiation. Follow-up was completed via chart abstraction to assess for six-month outcomes of retention in care and viral suppression. At enrollment, 45/136 (33%), 67/136 (49%), and 45/136 (33%) participants screened positive for depression, anxiety, and alcohol use disorder, respectively. After six months of followup, 96/136 (71%) participants remained in care; 35/87 (40.2%) participants who remained in care had a level <50 copies/mL. Those with depression (49% vs. 77% retained; p < 0.01) and those with alcohol use disorder (52% vs. 76% retained; p < 0.01) were less likely to be retained in care. In multivariable logistic regression, depression OR 3.46 (95% CI: 1.33, 7.97; p < 0.01) and alcohol abuse OR 3.89 (95% CI: 1.70, 8.97; p < 0.01) were independently associated with loss from care. These results emphasize the importance of mental health on early ART outcomes and the HIV care continuum.
Introduction
Worldwide there are approximately 36.7 million people living with HIV (PLHIV) of which 17 million have initiated antiretroviral therapy (ART) [1] . Health and prevention benefits from these programs depend on long-term engagement in care and adherence to ART. In sub-Saharan Africa (SSA) up to 24% of PLHIV drop out of care within one year of initiating treatment [2] . Improving retention in care is critical to the success of ART programs [3] , and understanding and mitigating factors related to attrition from HIV care is an important area of study. a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Throughout SSA, there is a high burden of mental illness amongst PLHIV [4] [5] [6] [7] , and mental illness can have a significant impact on the HIV-care continuum [6, [8] [9] [10] . Some studies have estimated that up to half of PLHIV experience symptoms of mental illness [11] . The most common reported disorders include depression, anxiety, post-traumatic stress disorder, and alcohol use disorder [11] . Estimates place the prevalence of depressive symptoms, depression, and alcohol use at 31.2%, 18%, and between 8-42%, respectively [5, 9] ; differences in the reported prevalence often reflect the populations sampled and the assessment approaches used [12] . Studies from South Africa have replicated these findings [13] [14] [15] [16] [17] .
It is well established that both depression and alcohol use negatively impact ART adherence [4, 5, 9, 10, 18] . Despite a growing body of literature on the prevalence of mental health and alcohol use disorders among PLHIV, gaps exist in understanding their impact on the HIV-care continuum in SSA [4, 8] . Given the global push toward universal access to ART and the United Nations "90-90-90 goals" [19] , continued research is needed to characterize the impact of mental health along the care continuum in order to inform ongoing efforts to promote retention in care.
The purpose of this prospective cohort study was twofold: (1) to describe the burden of mental illness and psychological distress present at the time of ART initiation, and (2) to assess the subsequent impact on retention in HIV care and viral suppression six months after ART initiation.
Materials and methods

Participants and setting
This study was a prospective, cohort study that recruited participants from February to June of 2013. Participants were recruited from a government-run primary care clinic in a densely populated peri-urban community in South Africa, close to Johannesburg. Sequential patients initiating ART during the study period were approached for recruitment by the research assistant. Participants were eligible for the study if they were 18 years of age or older, were attending an ART initiation visit (or pre-initiation ART counseling), were able to communicate in English, isiZulu, isiXhosa, seSotho, or Sepedi, and were able to provide written or witnessed oral consent. Participants were compensated for their time with a voucher worth approximately US$3, keeping with local remuneration rates.
The clinic from which participants were recruited provided standard HIV care as per the South African national guidelines. During the time frame of study recruitment, the ART initiation threshold in South Africa was a CD4 count <350 cells/mm 3 . The clinic utilized a tracing team to perform home visits for patients who missed scheduled visits. Tracers were sent to follow-up patients within 30 days of a missed visit and performed multiple home visits (if needed) in attempt to locate the patient and encourage the patient to return to care. Additionally, each person attending the clinic for ART initiation was given a unique medical record number and paper file during registration for ART or pre-ART care. This file was stored in the medical record department.
to the clinic. CD4 count results were recorded from the medical records at the time of enrollment. Participants' paper medical files were reviewed between seven and nine months after study enrollment to assess six-month outcomes. If the file was not located, up to five attempts on different days were made to locate the file.
Survey instruments
We selected instruments that were previously used in South Africa or SSA and validated in these settings. The Hospital Anxiety and Depression Scale (HADS) was used to screen for anxiety and depression. This scale has 14 total questions, seven assessing for symptoms of depression and seven assessing for symptoms of anxiety. A cut-off score of eight was used to indicate a positive screening result for either construct, based on prior publications [17, [20] [21] [22] . The CAGE questionnaire, a four question-screening instrument, was used to screen for alcohol use disorder. Questions were modified from their original form and asked in present tense to screen for active alcohol use (i.e. have you felt the need to cut down on your drinking? Do you feel annoyed by people complaining about your drinking?). A cutoff score of two or more was used to define a positive screening result [23] [24] [25] [26] [27] . The AIDS-related Stigma Scale, a nine-question scale, was used to screen for internalized stigma and analyzed as a continuous variable ranging from zero to nine. A higher score represents higher levels of stigma [28] [29] [30] . Finally, the HIV/AIDS-Targeted Quality of Life (HAT-QoL) instrument was used to quantify the impact of HIV on participant's quality of life [31] [32] [33] [34] . The HAT-QoL has 42 total questions that assess quality of life across nine domains. The score on each domain of the HAT-QoL and the aggregate score were presented as a scaled sum out of 100, consistent with prior studies. A specific domain of the HAT-QoL, Disclosure Worries, was used to evaluate participants' concerns about disclosing their HIV status. Participants with psychological screening tests above the pre-specified cut-offs were referred to a social worker or clinical psychologist employed by the local health system for further assessment and counseling.
Primary outcomes
The primary outcome data included: adherence to scheduled clinic appointments, medication refills, and HIV RNA (viral load) data. Participants were defined as disengaged from care if they met one of two criteria: (1) had not attended an appointment or received medication for three or more months, or (2) the file was either not located by the study team or was noted to have been removed by the clinic staff because the patient had not been to the clinic in the past six months. The definition of care disengagement was chosen in order to be consistent with prior studies measuring retention in low-and middle-income countries [2] and the operational definition of treatment default used by the South African Department of Health [35] . In addition to tracing clients who missed appointments, the clinic noted transfers to other clinics and patient deaths in the paper patient files and/or a clinic register. Viral suppression was defined as an HIV RNA less than 50 copies/mL.
Statistical analysis
An a priori sample size goal of 200 was derived to detect a 10% or greater difference in outcomes in those with mental health disorders. For a variety of operational issues this goal was not achieved; issues included a period of time when the study clinic stopped new ART initiation due to staff shortages, a period of time during which phlebotomy supplies were unavailable (necessary for CD4-based ART initiation), and a period of time when the local supplies of ART medications were limited and fewer people were initiated. Descriptive statistics, including proportions for categorical variables and median values and inter-quartile ranges for continuous variables, were used to describe the study population and the results of surveys. Spearman correlation coefficients were calculated between the survey instruments to assess for the presence of simultaneously occurring disorders and co-linearity between variables. Bivariate analysis was completed to look for associations between demographic, laboratory, and survey data and retention in care six months after enrollment using Chi-squared and MannWhitney U tests. Age and any variables with p-values 0.05 in bivariate analysis were included in a multivariable logistic regression. All analyses were completed in STATA 13 (Stata Corporation, College Station, Texas).
Ethics statement
This research was conducted according to the principles expressed in the Declaration of Helsinki; written or witnessed oral informed consent was obtained from all participants prior to study procedures. The study was approved by the institutional review boards of the Johns Hopkins University School of Medicine and the University of the Witwatersrand.
Results
166 patients visited the clinic to initiate ART during the study period; 136 participants enrolled, 28 declined due to time constraints or unspecified reasons, and two were too ill to participate. Of the 136 participants, 67 (49%) were female and the median age was 37 (IQR: 31, 43) ( Table 1 ). The median CD4 count prior to ART initiation was 236 (IQR: 101, 308). Most participants were South African citizens (86%) and had lived in the area around the clinic for more than two years (84.6%).
At enrollment, 45 (33%) of participants had a score ! 8 on the HADS Depression Scale, 67 (49%) had a score ! 8 of the HADS Anxiety Scale, and 45 (33%) participants screened positive for alcohol use disorder with a CAGE score ! 2 ( Table 2) . On the AIDS-related Stigma Scale, 34 (25%) endorsed two or more elements of stigma. On the HAT-QoL, the median score was 64.5 out of 100, with the most distress present on the domains of Overall Function, Sexual Function, Disclosure Worries, and Financial Worries. Several of the instruments screening for disorders showed correlations with each other (Table 3) . Depression was moderately correlated with anxiety (correlation coefficient 0.50) and quality of life (correlation coefficient -0.57). Anxiety was also moderately correlated with quality of life (correlation coefficient -0.47). Internalized stigma was mildly correlated with depression, anxiety, disclosure worries, and quality of life (correlation coefficients of 0.30, 0.29, -0.40, and -0.40 respectively). Alcohol use disorder was not associated with any other instrument scores.
At six-month follow up, 92/136 (67.6%) participants were retained in care and the remaining 44/136 (32.4%) participants met the definition of lost from care. No participant deaths or clinic transfers were documented in the patient files. HIV RNA results were available for 87/92 (94.6%) participants who were active in care at six months. Of the participants who remained in care and who had HIV RNA results, 35/87 (40.2%) had a level <50 copies/mL. In bivariate analysis (Table 4) , loss from care was associated with depression (49% retained when HADS score ! 8 vs. 77% retained when HADS score < 8, p < 0.01), alcohol use disorder (52% retained when CAGE score ! 2 vs. 76% retained when CAGE score < 2, p < 0.01), higher levels of internalized stigma (p = 0.01), and decreased quality of life (p = 0.03). The remaining screening instruments, including the HADS Anxiety Scale, were not associated with dropping out of care. In the multivariable logistic regression model (Table 5) We did not identify any significant associations between HIV RNA results and instrument scores (S1 Table) , potentially due to the small number of participants with laboratory data and due to loss from care among those with depression, alcohol use disorder, and higher stigma scores.
Discussion
In this prospective cohort study, we recruited 136 PLHIV initiating ART and found a significant burden of psychological distress and alcohol use disorder. Higher scores on measures of depression and alcohol use were strongly associated with disengagement from care within the first six months after initiation ART.
Prior to ART initiation, a large proportion of participants screened positive for depression (33%), anxiety (49%), and alcohol use disorder (33%). Prior studies of PLHIV in South Africa have reported similarly high prevalence of these disorders with reported ranges of depression, anxiety, and alcohol use disorder being between 12-45%, 17-40%, and 18-35%, respectively [13] [14] [15] [16] [17] . Additionally, our results indicate that PLHIV face significant levels of internalized stigma and impaired quality of life at the time of ART initiation. This was particularly true with respect to overall functional status, sexual function, disclosure worries, and financial insecurity, findings consistent with prior studies [30, 34] .
We found that depression, anxiety, stigma, disclosure, and quality of life measures were modestly correlated. The overlap of these disorders speaks to the complexity of living with HIV. CAGE scores were not correlated with other measures suggesting that alcohol use affected both those with and without mental health disorders.
Overall, there was high lost to follow up after ART initiation (32.4%) and low rates of viral suppression (40.2%). A recent review and meta-analysis reported six-month retention to be 85% in South Africa with a range in six-month retention from 66 to 100% [2] . The proportion of participants retained in care is within the lower range of the published literature, but reasonable considering that participants were recruited from a public clinic in a peri-urban area with high population mobility. Moreover, it is possible that medication stock-outs, laboratory supply stock-outs, and labor unrest may have contributed to loss from care during the period of study and follow up.
Alcohol use disorder was strongly associated with disengagement from care with an OR of 3.89 (95% CI: 1.70, 8.97; p < 0.01). The effect of alcohol use on retention in care was independent from the similarly strong association between depression and loss from care, OR 3.46 (95% CI: 1.33, 7.97; p < 0.01). While alcohol use and depression have been associated with worse retention in care in the United States [36, 37] , prospectively replicating this association in South Africa is an important finding. It has been described that depression and alcohol Depression, alcohol use disorder, and retention in HIV care following ART initiation impact adherence in SSA [5, 9, 10, 18 ], yet these data show that alcohol use and depression have a significant impact on early retention in care. In several disease states, including HIV, depression has been reported to reduce self-efficacy and self-care, two important constructs associated with retention in care and adherence to ART [38] [39] [40] . The literature regarding anxiety and self-efficacy is heterogeneous, with several studies from the heart failure field suggesting that anxiety is not associated with changes in self-efficacy [41] or may even be associated with increased self-efficacy after controlling for depression [42, 43] .
Within this study population, loss from care among participants with depression or alcohol use disorder was substantial, leading to an insufficient number of participants with either disorder to adequately assess for an association with ART adherence. While it is likely that adherence was also compromised among those with depression or alcohol disorder, as has been previously reported [5, 10, 18] , these groups had been largely lost from care before adherence could be estimated from the measurement of HIV RNA, six months after ART initiation.
The strengths of this study are that it was a prospective, cohort study that assessed the relationship between measures of mental health on clinical outcomes six-months after ART initiation. The instruments used in this study were previously used in South Africa and found to have good validity and reliability. There are several important limitations. First, we used screening instruments rather than formal interviews to evaluate for mental illness. Second, limited laboratory data were available for participants (either as a result of the participant not attending a visit needed for laboratory testing or a failure in clinical services to perform the testing). Consequently, we were unable to fully evaluate the effects of mental health on viral suppression. Furthermore, it is likely that the subset of participants with HIV RNA data available represents a biased sample of the study population due to higher rates of disengagement from care in those with psychological distress. Third, it is possible that disengagement from care was overestimated due to the definition used (going greater than 90 days without returning to the clinic); some participants categorized as lost to follow up may have returned to care after the period of study follow up. Fourth and most importantly, we relied on medical record review for our prospective follow up. While the clinic had several mechanisms in place to trace patients who dropped out of care and to document deaths and transfers, there were likely gaps in documentation that led to a failure to identify some clinic-to-clinic transfers as well as most deaths. Finally, our sample size was small; however our goal was to assess whether mental illness may have a major potential role with large effect sizes. Our findings support this hypothesis.
Conclusions
Identifying a high burden of mental illness and prospectively finding associations between retention in care and alcohol abuse and depression at the time of ART initiation is an important result. The presence of these disorders at the time of ART-initiation indicates their early impact on the HIV-care continuum. These psychological factors may contribute even more to attrition at even earlier stages in the HIV care continuum (before or after testing for HIV), suggesting a potential need to screen for and treat these disorders at or before the time of HIV testing [7, 13] . Additional studies are needed to characterize cost-effective mental health interventions with the greatest impact on the care continuum. 
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